Colostrum provides essential nutrients and immunologically active factors that are beneficial to newborns. Our previous work demonstrated that milk contains large amounts of miRNA that is largely stored in milk-derived microvesicles (MVs). In the present study, we found that the MVs from colostrum contain signifi cantly higher levels of several immune-related miRNAs. We hypothesized that the colostrum MVs may transfer the immune-related miRNAs into cells, which contribute to its immune modulatory feature. We isolated colostrum MVs by ultracentrifugation and demonstrated several immune modulation features associated with miRNAs. We also provide evidence that the physical structure of milk-derived MVs is essential for transfer miRNAs and following immune modulation effect. Moreover, we found that colostrum powder-derived MVs also contains higher levels of immune-related miRNAs that display similar immune modulation effects. Taken together, these results show that MV-containing immunerelated miRNAs may be a novel mechanism by which colostrum modulates body immune response.
INTRODUCTION
Maternal milk is the primary source of nutrition for newborns. Compared to mature milk, colostrum is thought to have more value for newborn immunity and health (Agarwal et al., 2011) . Colostrum may possess more immune-regulatory properties to strengthen the immunity of newborns and protect them against early infections (Feng et al., 2011) because newborns not fed colostrum have a higher incidence of gastrointestinal and respiratory infections (Honorio-Franca et al., 1997 , 2001 ). Indeed, substantial evidence showed that colostrum contains more immune-regulatory agents. For instance, human colostrum contain large quantities of secretary (s)IgA, which can bind to pathogens and protect the infant's cells (Macchiaverni et al., 2011) . Colostrum also contains significant amounts of lysozyme and oligosaccharides, which have antimicrobial effects (Patiroglu and Kondolot, 2011) , and there are several additional immune regulatory components in milk that may be helpful to the early development of the immune system. MicroRNAs (miRNAs) are endogenous non-coding RNAs, 19-24 nucleotides in length, which play significant roles in regulating gene expression (Chen et al., 2008; Huang et al., 2010; ) . Specific miRNAs that play important roles in a wide range of physiological and pathological processes in mammals may also be involved in the control of immunologic reactions (El Gazzar and McCall, 2012) . There is evidence that showed that miRNAs directly regulate the expression of cytokines and immune cell function (Sharma et al., 2009; Huang and He, 2010) ; furthermore, it is reported that specific miRNA expression is essential for resistance to certain viruses (Fahim et al., 2012) .
It has recently been reported that the exosomal vesicles secreted by mast cells, glioblastoma cells, and embryonic stem cells contained mRNA and miRNA that could be transferred to and function in neighboring cells (Skog et al., 2008; Zhang et al., 2010) . More interestingly, exosome-like vesicle has been identified in human milk and bovine milk, indicating the possible involvement of milk-derived vesicles in immune regulation in infants (Admyre et al., 2007; Hata et al., 2010) . It is possible that miRNAs may be delivered via milk derived vesicles, as there is evidence that exogenous miRNAs can enter the body & through the diet (Zhang et al., 2012) . Our previous studies have shown that miRNAs are stably present in many kinds of body fl uids, including serum, cell culture supernatants and raw milk (Chen et al., 2008 . Our Solexa data demonstrated that colostrum contains higher levels of miRNAs than mature milk, especially immune-related miRNAs (Chen et al., 2008 . In the present study, we compared the miRNA expression level between colostrum and mature milk by qRT-PCR and detected a higher expression of immune-related miRNAs in colostrum. Further investigation showed that a large proportion of these miRNAs are present in milk-derived vesicles, which had a signifi cant impact on the cellular function of RAW264.7 macrophages. Vesicles from raw milk, especially colostrum, modulated cytokine production after stimulation with a low concentration of LPS and increased the cell migration and phagocytosis of RAW264.7 macrophages, effects that were strongly compromised when the vesicle structure was destroyed. Further investigation provides evidence that miRNAs in colostrum vesicles can be delivered into cultured cells, which is associated with its immune modulatory function. Moreover, the colostrum powder-derived vesicles also demonstrated similar immune modulatory features. Taken together, our results suggest that colostrum contain more immune-related miRNAs than milk-derived vesicles and may regulate immune cell function by transferring miRNA to immune cells.
RESULTS

Immune-related miRNA expression in colostrum and mature milk
Based on the previous Solexa results, we have selected several immune-related miRNAs and compared their levels between the same volume of mature milk and colostrum using qRT-PCR (Chen et al., 2008) . The molar abundance of each miRNA was calculated based on the standard curve from different concentration of synthetic miR-16. We picked up miRNAs that were signifi cantly higher in colostrum using the following criteria: (1) the fold change of miRNA expression level is more than 4 and (2) the expression level of miRNAs is more than 10 -14 molar/mL milk (Table 1) . Seven miRNAs, and were selected and all of them have higher sequencing frequency in colostrum analyzed by Solexa. In addition, five (miR-24, miR-93, miR-106a, miR-181a and miR-451) out of those seven miRNAs were signifi cantly higher in colostrum in the earlier soloxa data (Table 2) .
Relative miRNA expression in colostrum-and mature milk-derived vesicles
To examine whether miRNAs are stored in colostrum-derived vesicles, we purifi ed vesicles by differential ultracentrifugation (Hata et al., 2010) and prepared the samples for EM imaging, which demonstrated vesicle-like structures (Fig. 1A left panel) . There are no differences in ultrastructure of the vesicles between colostrum and mature milk. Next, we assessed the distribution of miRNAs in the supernatant or pellet of colostrum after differential ultracentrifugation and found that most of the miRNAs were enriched in the 100,000 g pellet ( Fig. 1B and  1C ; Table 3 ).
Because the majority of milk miRNAs were found in the milk-derived vesicles, we further investigated the levels of those seven miRNAs in different groups of purified vesicles. First, we evaluated the protein contents of both milk derived vesicles samples which showed no significant differences with the concentration around 5 μg/μL in PBS solution, which equals to 50 μg/mL of original volume of milk sample (Fig. 1D) . Next, we analyzed levels of seven miRNAs in both groups of milk derived vesicles and found that the colostrum vesicles contain higher levels (1.9-10.2 folds change) of those seven miRNAs (miR-24, miR-30d, miR-93, miR-106a, miR-181a, miR-200a and miR-451) compared to the same amount of mature milk vesicles counted by protein concentration, which agrees with the results demonstrated in raw milk (Fig. 1E) . Furthermore, we also calculated the amount of these miRNAs in molar abundance between milk vesicles and cultured cells showing that several miRNAs levels in colostrum vesicles are relatively higher than those in RAW cells (Table 4) .
Milk-derived vesicles showed the ability to carry and deliver miRNAs into cultured cells
Several studies have provided strong evidence that microvesicles are able to deliver small molecules, such as miRNAs or mRNA, into cells (Skog et al., 2008; Zhang et al., 2010) . To investigate whether milk derived vesicles can transfer cargos into cultured cells we labeled milk derived vesicles with red fl uorescence before co-incubation with RAW cells. We found those red fl uorescence labeled vesicles can enter into cultured cells while no labeled vesicles were found when the membrane structure of vesicles was impaired by ultrasonication ( Fig.  1A and 1F ). In addition, bovine specifi c gene transcripts were clearly amplified only when RAW264.7 cells were incubated with milk-derived vesicles (Fig. 1G ).These data suggest that milk derived vesicles can deliver small molecules into cultured cells. We further assessed the levels of seven miRNAs after co-incubation with mature milk or colostrum-derived vesicles and found that the miR-106a, miR-181a and miR-451 level were significantly increased in the colostrum vesicles-treated cells, while the other miRNAs remained unchanged, which may be the result of high endogenous background (Fig. 1H, Table 4 ). By assessing the cellular pre-miRNAs level, we found that the pre-miRNAs are not significantly elevated in RAW264.7 cells (Fig. 1I) . Furthermore, those increased miRNAs showed dose-dependent response in RAW264.7 cells when treating with different concentration of colostrum vesicles (Fig. 1J) . Together, these data indicates that the increased level of miRNAs originated from the colostrum derived vesicles. It is reported that lipoprotein complex may be co-purifi ed with microvesicles through ultracentrifugation and there are evidences that such Protein Cell & complex, we treated 70,000 g supernatant of colostrum with or without proteinase K (50 μg/mL, 55°C, 2 h) before we collected the vesicle pellet by 100,000 g centrifugation, which can degrade protein complex and release associated miRNAs. We assessed the miRNAs levels and found no signifi cant differences between two groups of vesicles, which indicated that most part of the miRNAs were in colostrums vesicles ( Fig. 2A) . Notably, the elevation of mature miRNAs in RAW cells was blocked by destroying the physical structure of the colostrum vesicles after ultrasonication (Fig. 1H) . To exclude the possibility that ultrasonication may impair the miRNAs integrity, we measured the miRNAs level of colostrum vesicles treated with ultrasonication at different time. We found that miRNAs levels were not signifi cantly changed immediately after ultrasonication while there is a slight decrease of miR-93 and miR-181a 24 h after the treatment, which suggests that ultrasonication cannot destroy miRNAs while membrane structure may concomplex can also carry and deliver miRNAs (Vickers et al., 2011) . To test whether these miRNAs are associated with such Five out seven miRNAs have higher copy number (>2 folds) in colostrum than those in mature milk.
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& the same ability to transfer miRNAs as colostrum vesicles, we further assessed the level of let-7b, miR-16 and miR-20a in RAW cells after co-incubation with milk derived vesicles. We demonstrated that miR-20a was increased in both groups of tribute to the protection of miRNAs integrity (Fig. 2B ). Together, these results indicate that membrane structure of the colostrum vesicles is essential for transferring miRNAs from vesicles into cultured cells. To determine whether mature milk vesicles have 
Colostrum-derived vesicles showed several immune modulatory features
It has been demonstrated that increases in miRNA can affect cytokine production and inflammatory responses in cells which suggested that mature milk vesicles can also deliver miRNAs into cells as colostrum vesicles (Fig. 2C) . Among them, let-7b and miR-16 did not change significantly, which may be the result of high endogenous background in cellular miRNAs (Table 5) . The amount of miR-106a, miR-181a and miR-451 in colostrum vesicles is higher than those in RAW cells. ). In addition, miR-181a is suggested to be involved in the anti-infl ammatory effect of macrophages (Sonkoly et al., 2008) . Based on the potential function of the increased miRNAs, we used the macrophage cell line RAW264.7 to test whether milkderived vesicles can affect cellular immune functions, including immune cell proliferation, cytokine production, phagocytosis and cell migration. First, we demonstrated that the pretreatment with colostrum vesicles showed significant effects in regulating cytokine production in RAW264.7 cells following stimulation using a low concentration of LPS (10 and 100 ng/mL). Colostrum vesicles significantly increased the IL-1 and IL-6 The endogenous background of let7b and miR-16 is much higher while miR-20a is relatively lower compared to the miRNAs level in milk derived vesicles. Fig. 4C and 4D ). Taken together, our results demonstrated that colostrum vesicles have signifi cant effects on immune modulation.
Immune modulatory features were associated with vesicle structure
As we have demonstrated that destroying the vesicle structure by ultrasonication prevented labeled vesicles entering into RAW264.7 macrophages and inhibited the increase of cellular miRNAs ( Fig. 1F and 1H ), we further tested whether it blocked the following immune modulatory features. We found that all of the observed immune modulatory effects were substantially compromised when the vesicle structure was broken. After ultrasonication, the colostrum vesicles can no longer modulate cytokine production in RAW264.7 macrophages under LPS stimulation (Fig. 3A-C) . Furthermore, ultrasonicated colostrum vesicles also lose their effect of signifi cantly promoting phagocytosis or cell migration (Fig. 4A-D ).
production and decreased the IL-10 level, though IFN-γ, IL-12 and TNFα levels remained unchanged (Fig. 3A-F) . However, these changes disappeared when the RAW264.7 cells were treated with no LPS stimulation or after the exposure to a higher concentration of LPS (0 or 1000 ng/mL). We also provide evidence that milk-derived vesicles have no signifi cant effect on RAW264.7 cell proliferation using the cck-8 test (Fig. 3G) . Because the level of miR-451 is increased in the colostrum vesicle-treated RAW264.7 cells, we assessed the protein level of its target gene, MIF, and fi nd that the protein level decreased to 46.3 ± 9.8% ( Fig. 3H and 3I ). In addition, we assessed the impact of the vesicles on phagocytosis and found that the co-incubation of milk-derived vesicles and RAW264.7 cells can increase phagocytosis and that the colostrum-derived vesicles demonstrated a more signifi cant effect ( Fig . 4A and 4B) . Furthermore, we examined the effect of the vesicles on cell migration and found that pretreatment with the colostrum-derived vesicles can promote cell migration of RAW264.7 cells after stimulation with 100 ng/mL To further investigate whether the observed immune modulatory features are associated with the miRNAs transferred by colostrum vesicles, we pre-transfected RAW264.7 macrophages with a pool of miR-106a, miR-181a and miR-451 inhibitors before co-incubation with colostrum vesicles. We found the miRNAs inhibitors blocked the increase of miRNAs after the treatment of colostrum vesicles (Fig. 5A ). In addition, those inhibitors prevented the increase in IL-1β production and the decrease in IL-10 in RAW264.7 macrophages, while showing no effect on IL-6 production ( Fig. 5B-D) . Furthermore, miRNA inhibitors also blocked the increase of cell migration without (Fig. 5E-H) .These results indicated that there may be other factors in colostrum vesicles rather than miRNAs which are responsible to the change of IL-6 and phagocytosis of RAW cells. Those factors may also have immune regulatory effects. Furthermore, the pool of miRNAs inhibitors alone showed little effects on the cellular function modulation in RAW264.7 macrophages (Fig. 6A-F) . This is because the base levels of these three miRNAs in RAW cells are very low and miR inhibitors barely showed any effects in regulating these miRNAs (Table 4) .
Colostrum powder-derived vesicles showed similar miRNA patterns and immune modulatory features
We further assess whether colostrum powder-derived vesicles can affect cell immune function. First, we compare the miRNAs level between colostrum powder vesicles and formula powder vesicles and fi nd that fi ve out of seven miRNAs (miR-24, miR-93, miR-106a, miR-181a, and miR-451) were significantly higher in the colostrum powder vesicles than in the formula powder vesicles (Fig. 7A) . Next, we investigate whether colostrum powder vesicle can affect the cytokine production of RAW264.7 under 10 ng/mL LPS stimulation and found that colostrum powder vesicles exhibit similar effects in regulating cytokine production as the colostrum-derived vesicles: the IL-1β and IL-6 production were signifi cantly increased, the IL-10 level decreased, and IFN-γ and IL-12 levels, TNFα production and cell proliferation were unchanged ( Fig. 7B-H) . Furthermore, we also demonstrated that the co-incubation of colostrum powder vesicles and RAW264.7 can signifi cantly increase phagocytosis and promote cell migration, which is similar with the results showed in milk-derived vesicles (Fig. 8A-D) . 
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Milk, especially colostrum, has been recognized for its numerous benefi ts for the developing newborn by providing essential nutrients and immunologically active factors (Kimura et al., 2012) . In our previous work, we have demonstrated that milk contains a specifi c miRNA profi le and showed that colostrum have more abundant immune-related miRNAs (Chen et al., 2008) . In addition, there are several studies suggesting breast milk also contains high amount of immune related miRNAs which existed in breast milk exosomes (Kosaka et al., 2010; Zhou et al., 2012) . Although there are evidences that milkderived vesicles have immune modulatory effects (Admyre et al., 2007) , whether these immune regulatory functions are associated with the high amount of miRNAs content still needs further investigation.
In the present study, we systematically compare the expression of immune-related miRNAs between colostrum and mature milk using qRT-PCR and found that seven miRNAs were much higher in colostrum, and of these, miR-24 and miR-93 were reported to confer protection from vesicular stomatitis virus infection. In addition, miR-106a and miR-451 were shown to regulate IL-10 and MIF production, respectively (Bandres et al., 2009; Sharma et al., 2009 ). Furthermore, miR-181a is associated with T cell sensitivity and selection and the activation of the signal pathway that is involved in the infl ammatory response of macrophages (Qin et al., 2010; Oishi and Wang, 2011) . Moreover, it is reported that release of miRNAs from (Chen et al., 2008) . In addition, our previous work demonstrated that microvesicles can transfer miRNA between different cells and showed signifi cant biological functions (Fahim et al., 2012) . However, there are no direct evidences that milk-derived veislces can deliver miRNAs into target cells.
In the present study, we demonstrate that colostrum vesicles have higher levels of the seven immune-related miRNAs and that three of them (miR-106a, miR-181a and miR-451) were signifi cantly increased in cultured cells after co-incubation with the colostrum vesicles. Given that the pre-miRNAs level in cells were unchanged, it is strongly indicated that the elevation of miRNAs in cultured cells is the result of the transfer of miRNAs from the colostrum vesicles. Besides, we also showed that cells into milk can be selective, which means that high amount of immune related miRNAs in colostrum may be the results of selective secretion by cells with further purpose (Pigati et al., 2010) . These data together suggest the possibility that the high amount of immune-related miRNA in colostrum may contribute to its immune modulatory features. We also provide evidence that the majority of miRNAs were stored in vesicles. As expected, the colostrum vesicles contain higher levels of those seven miRNAs in comparison to mature milk vesicles. It has been proven that milk-derived vesicles can protect small molecules, such as miRNA or mRNA, under conditions that mimic the acidic environment of the gastrointestinal tract and are also capable of transferring small molecules In conclusion, our work showed that colostrum vesicles contain higher levels of immune-related miRNAs, which may contribute to several immune modulatory features when delivered into cultured cells. However, further investigation is required to elucidate the role of these miRNAs in immune responses in vivo.
MATERIALS AND METHODS
Milk sample preparation
Raw milk samples were collected under sterile conditions using multiple milking products. A total of 20 cows at 9 months postpartum and 20 cows at 7 days postpartum were recruited, and 1000 mL of mature milk (taken from the cows at 9 months postpartum) or colostrum (taken from the cows at 7 days postpartum) were collected, respectively. The samples were transported to the laboratory on ice and centrifuged at 1500 g for 20 min to remove the cell debris. The supernatant was recovered and stored at −80°C for further analysis. Both colostrum and mature milk were analyzed as pool samples which were used for the following functional study.
Preparation of milk-derived vesicle by differential ultracentrifugation
Milk vesicles are prepared as previously described (14), with several modifications. Briefly, bovine milk samples were centrifuged first at 5000 g for 30 min at 4°C to remove the milk fat globules (MFGs) and mammary gland-derived cells. The defatted samples were then subjected to 3 successive centrifugations at 4°C for 1 h each at 12,000 g, 35,000 g, and 70,000 g to remove the residual MFGs. The supernatants after the 70,000 g centrifugation were fi ltered sequentially through 0.44 μm and 0.22 μm filters to remove other cell debris. The filtered fraction was then prepared by ultracentrifugation at 100,000 g for 1 h to sediment the vesicles. The vesicles from 100 mL of milk were washed twice and suspended in 1 mL PBS. The protein contents of vesicle samples were measured by BCA protein assay (pierce). For labeling milk derives vesicles, DiI (10 μg/mL, sigma) were used in 70,000 g supernatants before 100,000 g ultracentrifugation, the labeled vesicles were collected and washed twice with PBS before further use. For ultrasonication samples, the suspended vesicles were subjected to 25 kHz ultrasonic vibration (10 s for three times) before the following treatment.
qRT-PCR
qRT-PCR was performed using TaqMan microRNA probes (Applied Biosystems), as previously described (15). Briefl y, 5 μL of total RNA was reverse-transcribed to produce cDNA using AMV reverse transcriptase (TaKaRa) and stem-loop RT primers (Applied Biosystems). Real-time PCR was performed using a TaqMan PCR kit and an Applied Biosystems 7300 Sequence Detection System (Applied Biosystems). All of the reactions, including the no-template controls, were run in triplicate. After the reactions, the CT values were determined using fixed-threshold settings. To calculate the absolute expression levels of the target miRNAs, a series of synthetic miRNA oligonucleotides of fl uorescent labeled vesicles can enter into cultured cells after co-incubation. When we destroyed membrane structure of milk derived vesicles, they can neither enter into cultured cells nor increase cellular miRNAs levels, which showed that physical structure of milk vesicles is essential for them to deliver cargos into cultured cells. Together, these data provide strong evidences that milk derived vesicles can transfer miRNAs into cultured cells.
As mentioned above, miR-106a and miR-451 directly targeted IL-10 and MIF, respectively (Bandres et al., 2009; Sharma et al., 2009) , and miR-181a is associated with the activation of the Wnt/beta-Catenin pathway in macrophages (Qin et al., 2010; Oishi and Wang, 2011) , suggesting that colostrum vesicles may be able to transfer these miRNAs, leading to further immune modulatory effects. Next, we further investigated immune modulatory features, including proliferation, cytokine production, phagocytosis and migration, of the colostrum vesicles on macrophage cells. Our results showed that the colostrum vesicles increase IL-1β and IL-6 production and decrease the IL-10 level in RAW264.7 cells under stimulation by a low concentration of LPS. In addition, the protein level of MIF in RAW264.7 cells is also decreased after colostrum vesicle treatment. The decrease in IL-10 and MIF protein is consistent with the result that miR-106a and miR-451 are up-regulated in RAW264.7 cells after colostrum vesicle treatment (Sharma et al., 2009 ). The cell proliferation was unchanged in our treatments, excluding the possibility that the altered cytokines production was due to variability in the cell number. However, the cytokine levels showed no signifi cant differences between the colostrum and mature milk groups when unstimulated or treated with a high concentration of LPS. These data indicated that colostrum vesicles cannot regulate the production of cytokines alone but can increase the sensitivity of immune responses in macrophage cells. Such effect is masked when the cells are under extreme stress condition, such as a high concentration of LPS. Furthermore, we found that the colostrum vesicles can signifi cantly increase cell migration and promote phagocytosis in RAW264.7 cells. Taken together, these results showed that colostrum vesicles have substantial effects in immune modulation.
We also provide strong evidence that the physical structure of the vesicle is essential to the immune modulatory property. Through ultrasonication, we destroyed the vesicle structure and found that the immune modulatory features were significantly compromised. These results indicate that the physical structure of the vesicle is indispensable for transferring small molecules into cultured cells and may lead to further biological functions. Using miRNA inhibitors, we provide evidence that the miR-106a, miR-181a and miR-451 transferred by the colostrum vesicles are directly associated with several immune modulatory effects, including regulating the production of IL-1β and IL-10 and cell migration. However, the production of IL-6 and phagocytosis was not affected by miRNA inhibitors suggesting there are other factors as well as miRNAs in vesicles, which also have immune modulatory effects to cultured cells. known concentrations were also reverse-transcribed and amplified. The absolute amount of each miRNA was then calculated by referring to the standard curve of synthetic miR-16. For the bovine specifi c gene analysis, primer sets were used according to (Hata et al., 2010) .
Statistical analysis
The qRT-PCR assay was performed in triplicate, and the entire experiment was repeated multiple times. The data shown are presented as the means ± SEM of three or more independent experiments, and the differences were considered statistically signifi cant at P < 0.05 using Student's t-test.
Incubation of RAW264.7 cells with milk-derived vesicles
RAW264.7 cells were maintained in DMEM medium with 10% FBS in a 37°C humidifi ed incubator (5% CO 2 ). Usually, cells were co-incubated with 50 μg/mL milk-derived vesicles or the same amount of PBS (as a control) in complete vesicle-depleted medium for 12 h (unless indicated). After co-incubation, cells are extensively washed with PBS for three times before the following assessments.
Analysis of phagocytosis of RAW264.7
After incubation with the milk-derived vesicles, 1 μm carboxylatemodifi ed microspheres (Invitrogen) were added, and the macrophages were allowed to internalize the particles for 60 min at 37°C. The cells were washed in PBS three times before visualization using red fl uorescence with an inverted fl uorescence microscope equipped with a DP70 CCD digital camera. After photographing the cells, they were collected for FACS analysis using Cellquest software (BD Biosciences).
Analysis of migration of RAW264.7
A migration assay was performed using a 24 well chemotaxis chamber with a membrane pore size of 8 μm. Briefl y, the cells were pre-incubated with milk-derived vesicles, and the cells were then stimulated with LPS (100 ng/mL). After 24 h, cells of each group were added to the upper wells of the chamber at 2×10 4 cells per well. The lower wells were fi lled with DMEM medium with 10% FBS, and the chamber was then incubated at 37°C for 4 h to initiate migration. Non-migrated cells were wiped off with a cotton swab, and the fi lter was fi xed and stained with Crystal Violet Staining Solution. The number of migrated cells in fi ve random microscopy fi elds per well was counted at 200x magnifi cation.
Analysis of cytokines by ELISA
After incubation with milk-derived vesicles, the RAW264.7 cells were stimulated with different concentrations of LPS (10 ng/mL, 100 ng/mL and 1 μg/mL) for 6 h and then washed 3 times with PBS. The next 24 h cell culture medium was collected for the quantifi cation of different cytokines. Cytokine levels were quantified using an ELISA kit (Beijing 4A Biotech Co., Ltd.) according to the manufacturer›s protocol.
Electronic microscopy
After ultracentrifugation, the milk-derived vesicles were precipitated and fi xed in 2.5% glutaraldehyde in 0.1 mol/L phosphate buffer and cut into 50 μm-thick sections using a vibratome. The sections were postfixed with 1% OsO4, dehydrated, and embedded in Durcupan
